review provides an update on the knowledge and effectiveness of the recent literatures about the application of BP as a growth promoter or alternative antibiotic to livestock; further, we tried to illustrate the role of BP for enhancing the immune response in animals.
| HIS TORIC AL BACKG ROUND
Firstly, BP is a natural material generated by pollen of flowering plants, mixed with the bee digestive secretion enzymes and nectar and packed by the honeybees. BP is considering one of the broadly used natural supplements. Pollens are representing the cells of the male reproductive spore of flowers and bees' principal food source, having concentrations of nutrients and phytochemicals and rich in secondary metabolites. The ancient Egyptians depict pollen as "a life-giving dust." Pollen is termed as the only widespread-ranging food, and the major biological constituents of BP are the polyphenolic compounds, phenolic acid derivatives and mostly hydroxycinnamic acids and flavonoid glycosides.
The flavonoids compounds are so termed secondary plant components which have various beneficial imperative pharmacological and physiological activities. These compounds have diversified biological features such as antiaging, antioxidant, antiinflammatory, anticarcinogenic, anti-atherosclerosis, cardioprotective and enhance the endothelial function (Martín-Muñoz et al., 2010) . It is commonly supposed that regular intake of BP has a valuable impacts on numerous medical disorders, such as anaemia, depression, memory loss, intestinal and prostate problems, impotence, ageing, stress-related diseases and impaired immune functions, besides its antibiotic, antineoplastic, antidiarrhoeal and antioxidant properties (Morgano, Milani, Martins, & Rodriguez-Amaya, 2011) . Also, application of BP as feed supplement has been proposed to ameliorate various diseases such as bronchitis, dermatitis and allergies (Martín-Muñoz et al., 2010) .
| CHEMIC AL COMP OS ITI ON
Pollen is brought together from flowers and is considered one of the main sources of lipids, fatty acids, proteins, EAA, carbohydrates, minerals, vitamins and carotenes which helps bee to survive (Carpes et al., 2008) . Recently, increasing evidence proposes its prospective therapeutic benefits, including bioactive and antioxidant properties as functional dietary food supplement. Besides, BP are the rich source of many components such as the protein (25%), EAA, oil (6%), containing more than about 51% polyunsaturated fatty acids (PUFA) (13% linoleic acids, 20% palmitic and 39% linolenic), more than 28 minerals, 12 vitamins, 11 enzymes or coenzymes, carbohydrates (35%-61%) (11 sugar types mainly sucrose, glucose and fructose), carotenoids, flavonoids and phytosterols (Xu, Sun, Dong, & Zhang, 2009 ).
BP contains many necessary nutritional components important for development and growth of human and animal. Many studies claimed positive effect of BP on internal milieu of animals (Petruška, 2012) . Additionally, BP is excessively rich in carotenes (vitamin A precursors) and high in vitamins E, D, C and B complex. Wang et al. (2007) point out that BP contains digestive enzymes from the bees.
It has been stated that the ratio of PUFA was higher than those of saturated fatty acid (FA) and monounsaturated FA of pollen.
The significant components of BP are pro-vitamins and vitamins in particular: thiamine, riboflavin, pyridoxine, nicotinic acid, pantothenic acid, folic acid, beta-carotene (pro-vitamin of vitamin A), vitamin C, tocopherol and ergocalciferol (vitamin precursor of vitamin D2). Pollen is also rich in polyphenolic substances, phytosterols, flavonoids and other health-promoting substances (Campos, Webby, & Markham, 2003) .
| MODE OF AC TI ON
From pharmacological and health effects which were tested on animals, BP is best known for antioxidant, anti-carcinogenic, antibacterial, anti-allergic, immune-stimulating and antianabolic effects, as well as the effect of specific enzyme inhibitors (Komosinska-Vassev, Olczyk, Kafmierczak, Mencner, & Olczyk, 2015) . Concerning its use against various diseases, pollen is used to treat: prostatitis, some serious skin diseases, chronic liver damage, acute chronic hepatitis, stomach ache and various intestinal disorders; it regulates bowel function, chronic constipation and chronic diarrhoea (KomosinskaVassev et al., 2015) . BP also supports detoxification functions of the liver (Komosinska-Vassev et al., 2015; Yıldız et al., 2013) . It has been shown to inhibit histamine reactions that cause inflammation and allergy symptoms. This feature is probably due to the presence of quercetin in BP (Campos et al., 2003) . These features allowed using BP as a widely known food supplement (Campos et al., 2003; Seven, Arslan, Seven, & Gökçe, 2016) . Flavonoids, polyphenolic substances, have sturdy antioxidant capacity due to the ability of scavenging free radical (FR) through their metal chelation characteristics (Campos et al., 2003) .
However, BP has metal chelation characteristics that react with FR through hunt down and neutralize FR (Abdella, Tohamy, & Ahmad, 2009) . In a study on rats, Yıldız et al. (2013) revealed that chestnut BP possessed many phenolic substances (high antioxidant properties) had protective impacts against carbon tetrachloride-induced hepatic damage. Chestnut BP exhibited this impact by protecting the hepatocytes from oxidative stress (OS) and promoting the liver healing from the damage prompted by toxicity of carbon tetrachloride. It was stated that supplementation of BP under stress reduced the OS markers and improved the antioxidant system of animals (Yıldız et al., 2013) . broiler receiving 0.6% of BP had significantly (p < 0.01) highest BWG and body weight (BW) during the experimental phases. It was found that birds received BP at levels of 0.2%, 0.4% or 0.6% exhibited a boosting in BWG by 8.14%, 8.86% and 11.65% respectively compared with the control birds. This positive enhancement could be due to the nutritive value of BP as a great source of fat (4.09%), unsaturated fatty acids (e.g., linoleic, linolenic and oleic), protein (19.32%), EAA (e.g., lysine and leucine), minerals and carbohydrates (62.82%).
| B ENEFI CIAL EFFEC TS
In addition, BP stimulates the absorptive and digestive functions of broilers by boosting absorptive capacity of the intestine through making the villi thicker and longer (Wang et al., 2007) in relationship with a noteworthy enhancement in BWG due to higher anabolism of protein and the numerous enzymes supporting the digestive process (Hascik, Elimam, & Garlik, 2012) . There are also studies suggesting that BP (5 g/kg feed) had beneficial influences on growth performance and weight gain of Japanese quails (Babaei, Rahimi, Torshizi, Tahmasebi, & Miran, 2016) . In rabbit, Attia et al. (2015) noticed that BP (200 mg/kg BW) increased the BWG compared with control group; however, BP with propolis recorded higher significant weight compared with propolis or inulin or mannan-oligosaccharides. Hosseini et al. (2016) noticed that a significant (p < 0.05) increase in average daily feed intake (ADFI) by 15.3% when BP was added to the broiler starter basal diet compared with heat-stressed group. This has been attributed to its several enzymes which support the digestive system to increase the feed conversion ratio (FCR). The increased rate of FI could be returned to the ability of BP to give a good flavour to food. On the other hand, Farag and El-Rayes (2016) observed that FI was significantly (p < 0.01) reduced in the birds supplemented with BP (0.2%, 0.4% or 0.6%) diets during all the experimental period. Dietary inclusion of BP (200 mg/kg BW) in diet of rabbits reduced their FI and enhanced the efficiency of digestion and absorption of nutrients (Attia et al., 2015) .
It has been observed that no influence on FCR in the broiler starter period by dietary inclusion of BP (20 mg/kg feed) under high ambient temperature (Hosseini et al., 2016) . At all investigated periods, birds received BP at levels of 0.2%, 0.4% or 0.6% demonstrated an improvement in FCR compared to the control group. Also, the best FCR was obtained in the group fed 0.6% BP for the whole experimental period (Farag & El-Rayes, 2016) . They attributed this improvement to the vitamins, AA, minerals and hormones contained in BP, besides enzymes and coenzymes supported by bees during the pellets formation for best digestion of food and growth of cells (Wang et al., 2007) . Attia et al. (2015) noticed that supplementation of BP at 0.2 g/kg BW in the diets of rabbit does improved fertility % (86.9%) than the control (69.5%). Further, it has been reported that BP with propolis group had larger litter size, BW and number of live kits at birth (p < 0.01) than the other groups, but the stillborn kits number did not significantly differ among all groups. The affirmative result of BP addition in doe rabbits diet on productive traits could be attributed to the high micro-and macro-nutrient substances (including minerals, PUFA, etc.) in addition to protective agents and phytosterols (flavonoids, phenolic components and carotenoids) (Šarić et al., 2009) and metabolites may be due to its balanced nutrient profiles, phospholipids, minerals, vitamins and contents of copper and its role in the reproductive process (Xu et al., 2009) 
| Effects of BP on reproductive performance

| Effects of BP on ovarian hormones
| Effects of BP on immunity
The relative weight of lymphoid organs is used as an indicator to the immunity of broiler chickens. It has been confirmed that adverse influences of heat stress conditions on broilers prompts atrophy of lymphoid organs and lessening in bursa weight (Quinteiro-Filho et al., 2010) . On the other hand, supplementation of BP in chicken diets increased significantly bursa and spleen index compared to the control group (Hosseini et al., 2016) . Similarity, Wang et al. (2007) demonstrated that the bursa and spleen of broilers increased in group fed BP-containing diet due to an immune booster influence of this additive. Additionally, BP contains more nutrients, which stimulate faster differentiation and proliferation of the cells of immune system of birds (Šarić et al., 2009 ). However, Babaei et al. (2016) suggested that the immune organs index were not affected by addition of the bee products in quail diets.
Flavonoid compounds and BP can prevent immediate allergic reactions through prohibiting activation of mast cell. Additionally, flavonoid components such as kaempferol, myricetin, luteolin and quercetin are able to prevent IgE-mediated allergies and the mast cells degranulation (Farag & El-Rayes, 2016) .
In poultry diet, BP could be used as a prospective feed additive with prebiotic activity. Beneficial influences of BP on the chickens health is supported by the conclusions of various experimental studies that conveyed an early growth of bursa of Fabricius and thymus, the reduction in the cloacal bursa degeneration and the promotion of splenic immune response, as well as the enhancement of primary growth of the small intestine in broiler chicks (Babaei et al., 2016; Hosseini et al., 2016; Wang et al., 2007) . Dietary BP supplementation revealed positive impacts on stress and lessening lipid peroxidation due to its content of antioxidant substances (Campos et al., 2003) . Also, BP contains high content of PUFA, so its addition in the bird diet increased the level of PUFA in some tissues (Table 1 ).
The dietary supplementation of PUFA can apply advantages on the health, antioxidative status and performance of animal (Chen, Wang, & Huang, 2012) . These beneficial influences may be due to the antioxidative capacity and suitable FA profile of BP (Chen et al., 2012) .
The study carried out by Seven et al. (2016) suggested that supplementation of BP (1 g/kg diet) for quails under high stocking density had potential defensive activity on tissue FA composition and lipid peroxidation and also increased ratios of PUFA (especially n-6) in the tissues.
From the pharmaceutical and pharmacological point of view which has been presented in various studies, it could be informed that BP has a great potential for use in medicine, and it can be used as alternative to antibiotics in poultry production for the enhancement of immunity and health. In addition, the use of BP products as a broiler immunostimulant for poultry farming purposes needs validation with further studies using different levels and other poultry species.
Heterophils (H) and lymphocytes (L) levels in the blood were not statistically changed, but ratio of H:L was lower (p < 0.05) by 9.1% in chickens fed BP-containing diets compared to the control group (Hosseini et al., 2016) . It has been documented that H:L ratio may be indicated as index for birds stress and is recognized to be elevated due to the influence of long-term heat stress (Vleck, Vertalino, Vleck, & Bucher, 2000) . of blood parameters in rabbits (El-Neney and El-Kholy (2014) and broiler (Attia et al., 2014) were observed after the BP supplemen- 
| Effects of BP on blood proteins and lipid profile
Biochemical parameters in the bird serum were used as indicators of the physiological and nutritional status. BP has important role in the metabolic and physiological activities of the body systems. It was recently observed that BP (200 mg/kg BW) supplemented to rabbit diet had the higher plasma TP, Alb and Glo (p < 0.01). Glo:Alb ratio of group fed BP did not differ significantly from the control but was higher than the other experimental groups (Attia et al., 2015) . BP improved liver function, and it is well known that liver is the place of albumin synthesis, unlike Glo which is formed through lymphatic and phytosterol. Furthermore, there was a decrease in platelet aggregation in people who take pollen indicating its antiatherosclerotic effect which protects from heart diseases and brain strokes (Samochowiec & Wojcicki, 1981) .
Results of Farag and El-Rayes (2016) in different studies on rabbits (Attia et al., 2014; El-Neney & ElKholy, 2014) .
| Effects of BP on intestinal morphology
The small intestine is the main site for nutrients digestion and absorption. Wang et al. (2007) indicate higher capacities of the digestion and absorption (FazayeliRad et al., 2015) . Thus, these high ratios can be attributed to the BP-supportive impacts in avoiding the damage of intestinal mucosa which lead to low villi dimensions and also control the spread of pathogenic bacteria (Fazayeli-Rad et al., 2015) . Moreover, the small intestine glands play a necessary role in the nutrients digestion. Also, the augmented role of these glands meaningfully contributes to the nutrients absorption in small intestine. Therefore, the daily BP addition in broilers diet promotes the functions of digestion and absorption and then stimulates parameters of the growth and development (Attia et al., 2014; Fazayeli-Rad et al., 2015) . Jia et al. (2010) Hosseini et al. (2016) (Hosseini et al., 2016) .
| Effects of BP on creatine kinase (CK)
| CON CLUS I ON AND FUTURE PER S PEC TIVE
Bee pollen is a natural bee product with a great potential for use in medicine and recently in animal. Based on the previous studies, it was totalized that inclusion of BP at the level of 1-20 g/kg diet improves productive, reproductive and immune status of animals. It could be concluded that dietary use of BP as a feed additive may offer a practical nutritional strategy in animal production.
Moreover, BP has numerous precious therapeutic properties used from ancient times until today. Some of its biological and therapeutic activities have been confirmed, but scientists have only begun to uncover the many health benefits of this amazing super food, and there are just a few solid evidences for those claims. Investigations and development in this field generally concern whole materials of BP not using single compounds. However, the complexity and variability in composition of these products raise the need of their standardization before safe and predictable animal uses can be achieved. On the other hand, the chemistry and bioactive com- 
